REMARKS 

Claims 1-3 and 5-13 are pending in this application. By this Amendment, the 
specification has been amended to attend to minor informalities. Applicants submit that 
no new matter is presented by these amendments. 

Objections to the Specification 

The specification was objected to because paragraph [00039] referred to claims. 
In response to this objection, Applicants have removed the reference to claims 1-6 from 
paragraph [00039]. 

The Office Action also pointed out that the trademarks Beacon® and GraphPad 
Prism® were used in the specification, and that they should be capitalized and 
accompanied by generic terminology. Although this was not specifically indicated to be 
an objection, Applicants have amended paragraphs [00030] and [00049] as indicated. 
Copies of publicly-available literature for the Beacon® 2000 and GraphPad Prism® 
products are attached. 

Withdrawal of the outstanding objection to the specification is therefore 

respectfully requested. 

Rejections under 35 U.S.C. § 112 

Claims 6-13 were rejected under 35 U.S.C. § 112, first paragraph, as allegedly 

containing new matter. Specifically, the feature wherein the subunits are selected from 

the group consisting of the Arp2/3 complex and the EnaA/ASP family of proteins, and 

the feature wherein the kit comprises subunits of the Arp2/3 complex and the EnaA/ASP 

family of proteins, were not considered to be supported by the specification. The Office 
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Action takes the position that the specification only teaches the Arp2/3 complex and the 
EnaA/ASP family of proteins in a general fashion, and does not specifically disclose the 
step of adding either of these compounds in order to activate endogenous actin 
polymerization or a kit comprising these subunits. Applicants respectfully traverse this 
rejection. 

In response to this rejection, Applicants initially submit that this rejection does not 
appear to be a new matter rejection, as it was characterized in the Office Action. The 
Arp2/3 complex and EnaA/ASP family of proteins, which are described as being 
involved in mechanisms for regulating actin polymerization, are clearly disclosed and 
are not new matter. See, for example, paragraphs [00006], [00007], and [00022] of the 
specification. 

It appears that the rejection may actually be based on an alleged lack of written 
description, but the Office Action has not met the initial burden of establishing by a 
preponderance of evidence why a person skilled in the art would not recognize in 
Applicants' disclosure a description of the invention defined by the claims. See In re 
Wertheim, 541 F.2d 257, 263, 191 U.S.P.Q. 90, 97 (CCPA 1976). Regardless, 
Applicants submit that one skilled in the art would understand how to incorporate the 
Arp2/3 complex and EnaA/ASP family of proteins into the presently-claimed methods to 
activate endogenous actin polymerization, which include a step of adding one or more 
substances to activate endogenous actin polymerization, based on the disclosure 
provided in the specification and the knowledge available at the time the presently- 
claimed invention was made. 

Claims 8-11 were rejected under 35 U.S.C. § 112, second paragraph, as 

allegedly being indefinite for failing to particularly point out and distinctly claim the 
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subject matter which Applicants regard as their invention. Claims 8-11 relate to the 
application of the methods of claims 1-3 and 5-6 to the evaluation of the invasive 
character of the cells, evaluation of the oncogenicity of the cells, and prediction of the 
sensitivity of the cells to an anticancer treatment. The Office Action takes the position 
that these are goals, rather than methods, and that it is unclear how they will be 
accomplished. Applicants respectfully traverse this rejection. 

In response to this rejection, Applicants submit that one skilled in the art would 
understand that by carrying out the methods for analyzing the tumor aggressivity of 
cancerous cells set forth in claims 1-3 and 5-6, the invasive character of the cells, 
oncogenicity of the cells, and sensitivity of the cells to an anticancer treatment would 
necessarily also be determined, as these are components of tumor aggressivity. See, 
for example, paragraphs [00016] and [00032] of the specification. One skilled in the art 
would understand that no additional steps are required in order to carry out these 
methods. 

Withdrawal of these rejections is therefore respectfully requested. 

Rejection under 35 U.S.C. § 103(a) 

Claims 1-3 and 5-8 were rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Tellam et al. (1986) in view of Menu et al. (2002). Applicants 
respectfully traverse this rejection. 

The Presently-Claimed Invention 

The presently-claimed invention relates to methods of analyzing the tumor 

aggressivity of cancerous cells consisting of the measurement of the quantity of 
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polymerized actin in the steady state in a lysate of the said cells, wherein the 
measurement of the quantity of actin in the steady state is carried out by static 
fluorescence polarization in the presence of actin monomers bound to a fluorochrome, 
the monomers being incorporated into the actin filaments (actin F) formed during the 
endogenous actin polymerization of the lysate. The presently-claimed invention also 
relates to methods of identifying molecules likely to have anti-cancer activity, methods 
of evaluating cancer cells to determine their invasiveness, oncogenicity, and sensitivity 
to cancer treatments, as well as kits for carrying out these methods. 

The dynamic properties of the cytoskeleton render the analysis of the 
polymerization of the actin extremely complex. It is a significant challenge to find a 
model of actin polymerization that is representative of the condition of a living cell. 

Applicants attained this objective by means of a method which consists of 
measuring the quantity of polymerized actin in the steady state, which takes into 
account the results of all the mechanisms for regulating polymerization and de- 
polymerization of actin filaments. 

More precisely, the method of the present invention closely approximates the 
physiological conditions in the cell: 

(i) Applicants add the polymerization buffer at conditions that 
are near the physiological conditions in cell, which is 
required for polymerization; 

(ii) Alexa 488-actin monomers are used as tracers that are 
incorporated in the actin filaments during actin 
polymerization, and then in a very small quantity (in 
nanomolar concentration); 

(iii) Applicants use a cellular lysate in which the proteins remain 
associated with actin. 
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Furthermore, the methods of the present invention permit the measurement of 
the dynamism of actin, in particular by the measurement of (the apparent constant), 
not only a measurement at a given time. The potential of actin polymerization is lower 
in tumor cells as compared to normal cell lysates. Therefore, measurement of the 
dynamism of actin permits observation of the effect of anti-tumor drugs on the 
restoration of actin polymerization in tumoral cell lysate. 

Rejection Based on Tellam et al. and Menu et al. 

The Office Action takes the position that Tellam et al. discloses a method for 
determining the nucleating activity in tumorigenic cells, wherein tumorigenic cells are 
lysed in non-denaturing conditions and centrifuged to remove cellular debris. 
Fluorochrome-labeled actin monomers are added to the lysate along with substances 
necessary for the polymerization of endogenous actin and protection of the lysate 
proteins. The quantity of polymerized actin monomers incorporated into the actin 
filaments from the cell lysate of tumorigenic cells is measured, and is compared to the 
reference quantity of polymerized actin from non-tumorigenic cells. Tellam et al. is also 
cited for disclosing a cell re-suspension medium, substances necessary for the 
endogenous actin polymerization and protection of the lysate proteins, solutions of actin 
monomers labeled with a fluorochrome, and extracts of tumorigenic and non- 
tumorigenic cells and reaction buffers. The Office Action further indicated that while 
Tellam et al. is directed to the measurement of exogenous skeletal muscle actin, it 
discloses that the higher actin nucleating activity seen in tumorigenic cells results from 
the lower level of total endogenous cellular actin within the tumorigenic cells. 
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However, the Office Action admits that Tellam et al. fails to disclose or suggest a 
method wherein the quantity of polymerized actin corresponds to the sum of all of the F- 
form actin, wherein the measurement of the quantity of actin in the steady state is 
carried out by static fluorescence polarization in the presence of actin monomers bound 
to a fluorochrome which are added to the cellular lysate in a proportion ranging from 
1/80th and 1/1 600th in relation to the quantity of endogenous actin, the monomers 
being incorporated into actin filaments (F-actin) formed during endogenous actin 
polymerization of the lysate, wherein the method is used to evaluate the invasive 
character of the cells, or a kit including a cell re-suspension medium for the cell lyses, 
substances necessary for the endogenous actin polymerization and the protection of the 
lysate proteins, a solution of actin monomers bound to a fluorochrome, an actin 
polymerization solution, a general actin solution, and optionally the extracts of 
aggressive and nonaggressive reference cells. 

Menu et al. is cited for allegedly disclosing a method of determining the tumor 
aggressivity of cancerous cells by measuring the quantity of polymerized F-actin in the 
steady state of the lysate of the cells, comparing the value of the quantity of 
polymerized F-actin in the cancerous cells to a reference value of non-migrating cells, 
exposing the cells to the actin polymerization inhibitor latrunculin-A, and determining the 
capacity of the latrunculin-A to restore the quantity of polymerized actin in the steady 
state to that of the non-migrating cells. Menu et al. is also cited for allegedly disclosing 
that F-actin becomes polarized when the cells are migrating, in contrast to non- 
migrating cells, and that this polarization can be visualized by fluorescence and confocal 
laser scanning microscopy and quantified by fluorometry and flow cytometry. 
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Applicants submit that Tellam et al. discloses the use of a large quantity of 
purified pyrene actin (5uM) in their test. Therefore, the test is not conducted under 
physiological conditions. This abnormally accelerates the initial rate of skeletal 
muscle purified actin polymerization. See p. 1285, last paragraph. Furthermore, this 
method only permits measurement of part of the actin polymerization (i.e., the first step, 
nucleation). 

On the contrary, the method of the presently-claimed invention allows: 

(i) near physiological conditions, because we use 
actin issued from the cell (and not the purified pyrene 
actin added in the Tellam et al. method); and 

(ii) measurement of the global kinetics of actin 
polymerization. 

The Office Action states that Menu et al. disclose "direct measurement of 
polymerized endogenous F-actin, no extraneous actin being added in the method". The 
Applicant respectfully disagrees because Menu et al. measures only the actin F 
(filament) content in the cell at a given time. 

In contrast, the method of the presently-claimed invention is able to measure the 
actin dynamic in the cell because: 

(i) a cellular lysate in which the proteins remain 
associated with actin is used; and 

(ii) the constant K obs , which is a measure of the evolution 
of actin polymerization in real time, is measured. 

Menu et al. discloses a completely different method which does not represent 

the reality of the actin dynamics in the cell. 
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Accordingly, the combination of Tellam et al. and Menu et al. fail to measure the 
quantity of actin present in the steady state, as set forth in the presently-claimed 
invention. 

To demonstrate this difference, Applicants refer to the fact that the actin content 
in 3T3 cells and 3T3EF cells was found to be the same (see article by Amsellem et al., 
at page 4, column 1, a copy of which is enclosed), whereas Applicants have observed 
during testing that the kinetics of actin polymerization of these cell lysates are 
completely different, i.e., the AmA and K ob5 values are different (see Table 2 of the 
specification). This is due to the fact that the lysate Applicants use in their tests is at 
close to physiological conditions, and therefore it is possible to observe the impact of 
actin associated protein on the kinetics of actin polymerization. 

So even if one of ordinary skill in the art would understand from the disclosure of 
Tellam et al. that there is a difference in actin polymerization between tumorigenic cells 
and non-tumorigenic cells, by combining Menu et al. (or any publications or documents 
of the art) he would not have known how to measure the polymerized actin at near 
physiological conditions or how to measure the dynamics of the polymerized actin 
in real time. These criteria must be met in order to carry out the presently-claimed 
methods for screening on the basis of the actin polymerization. 

In view of the remarks set forth above, Applicants respectfully submit that Tellam 
et al. and Menu et al., fail to disclose or suggest the features of the pending claims. As 
such, Applicants respectfully request that the rejection of claims 1-3 and 5-8 as 
allegedly being unpatentable over the combination of Tellam et al. and Menu et al. be 
withdrawn. 
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CONCLUSION 



In view of the foregoing, reconsideration of the application, withdrawal of the 
outstanding rejections, allowance of Claims 1-3 and 5-13, and the prompt issuance of a 
Notice of Allowability are respectfully solicited. 

Should the Examiner believe anything further is desirable in order to place this 
application in better condition for allowance, the Examiner is requested to contact the 
undersigned at the telephone number listed below. 

In the event this paper is not considered to be timely filed, Applicants respectfully 
petition for an appropriate extension of time. Any fees for such an extension, together 
with any additional fees that may be due with respect to this paper, may be charged to 
counsel's Deposit Account No. 01-2300, referencing Attorney Dkt. No. 021305-00214. 



Enclosures: 

Beacon® 2000 brochure 

Excerpt from GraphPad Prism® online product description 
Amsellem et al. article 

Customer No. 004372 
ARENT FOX LLP 
1050 Connecticut Avenue, N.W., 
Suite 400 

Washington, D.C. 20036-5339 
Tel: (202)857-6000 
Fax: (202)638-4810 

DCR/vdb 



Respectfully submitted, 




Dawn C. Russell 
Attorney for Applicants 
Registration No. 44,751 
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The Beacon™ 2000 
Fluorescence Polarization 
Instrument provides: 

• Rapid and precise 
measurements 

• Ultrasensitive, picomolar 
sensitivity 

• Easy-to-use external filters 

• Fluorescent labeling-no 
radioisotope usage 

• Variable temperatures 
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Beacon™ 2000 Fluorescence Polarization System 



■' The only single-tube FP instrument available, the compact Beacon™ 2000 
fits right on your benchtop. Get the accuracy and convenience you need, 
but without the expense and hassle of complicated multiwell instruments. 




Fluorescence polarization: real time, 
non-radioactive and sensitive measurement 



An established, powerful tool, fluorescence polarization 
(FP) simplifies the study of molecular interactions in 
solution through the analysis of photonic: emissions of 
fluorophore-taggetl molecules in polarized light. By re- 
placing tedious gel-shift assays, ELISAs. Western blots, 
and filter binding, FP streamlines research and saves 



hours of time. It also delivers real time measurements, 
which are non-radioactive, sensitive, and homogenous. 
Common applications include the measurement of 
equilibrium binding, enzyme activity, protein degrada- 
tion, and antibody affinity. 



Fluorescence polarization made easy 



The Beacon'" 2000 Fluorescence Polarization Sys- 
tem adds convenience to the precision and speed of 
fluorescence polarization (Figure 1). Beacon™ 2000 FP 
System's compact size is perfect for a crowded work- 



space, utilizing only a small footprint on your busy 
bench top. Its external-filter holders allow easy use of 
other fluorophores, while its standard disposable glass 
test tubes let you simply measure and go. 



Figure 1 - Theory of fluorescence polarization 

Small Molecule 



Polarized 
Excitation 
Light 



Polarized 
Excitation 
Light 



Rapid Rotation 




Large Complex 

See the invitrogen web site for an online version of the FP Applications 

www.invitrogen.com/fpguide 



Emitted Light is 
Depolarized 



Emitted Light remains 

Polarized 



Slower Rotation 

Guide for more detail on FP theory and application: 
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Beacon™ 2000 Fluorescence Polarization System 



Simple is better-and sensitive 



The Beacon™ 2000 FP System's unique single-tube 
design is responsible tor its efficient and practical 
proportions. It uses similar reagent volumes than 
its multiwell counterparts, it still maintains sensi- 
tivity to fluorescently labeled samples as small as 
10 fmol/ml (Figure 2). 



Ttu* urflt't piasmid ON A was serially diluted irom 5 picograms 
10 1.2 ieimugjams and each dilution was amplified by PGR in a 
100 pi react ion. SO ul uf each amplificalion reaction were added 
to 10 ul of 1 N KaOH and incubated at 75°C for 30 minutes to 
denature the ON A. The 90 ul reactions were (hen added to t ml of 
SOuiM Tris-HCl. 6X SSC, pH 8.0. at 3?'C containing labeled oiigos 
and blocking oiigos. Hybridizations were incubated at 37*C for 30 
minutes and then the FH values for each reaction were measured 
at 37*C on the Beacon™ 2000 System. The data represent the mean 
of triplicate experiments, t 1 standard deviation. 



Figure 2 - Direct detection of hybridization between 
labeled oiigos and PCR-amplified DNA 




10 too 1000 

Input Plasmiri Target DNA (fern to grams) 



Quick and precise FP for many uses 



Beacon™ 2000 FP System rapidly and accurately 
measures equilibrium binding and/or enzyme deg- 
radation in solution (Figure 3), with picomolar sen- 
sitivity, for a wide range of biological molecules. 
Useful in performing immunoassays, determining 

Figure 3 - FTC-Casein digestion with Trypsin 



antibody specificity and affinity, it also measures 
protein-protein, protein-DNA, or receptor-ligand 
binding interactions. This system measures affinity 
binding directly in solution, with each data point 
obtained in a few seconds (Figure 4). 

Figure 4 - Measuring phosphatase activity in real time 




Trypsin was added to \ ml 0.1 M Tris-HCl (pH 8.1). The reaction was 
started by addition of 5 pinoles FTC-caseln. The fluorescence polariza- 
tion was measured every 13 seconds on a Beacon'" 2000 Instrument. 




SAM. U/SlTC PIT 



Re*ll«n Tim* {trtmua) 

The enzymatic activity of T-Celi Protein Tyrosine Phosphatase (TC 
PTP) was measured in a d use-dependent manner by incubating 
different concentrations of TC PTP, which was from New England 
Blolabs (Beverly. MA). The TC PTP concentration ranged from 
0.05 U/pl to 0.0005 UVul. Each well also contained 50 pi of a mix- 
ture of anti-phosphotyrosine antibodies and fluorescein-labeled 
phosphupeptldes In a final volume of 100 pi. Polarization values 
were measured continuously on a Beacon" 2000 instrument 
after the addition of TC PTP (kinetic mode). Two control assays 
were performed: one did not receive TC PTP, while the other was 
supplemented with 50 pM of the potent phosphatase inhibitor 
Na V0 4 . In both cases, no dephosphorytation occurred and the 
polarization remained high throughput the experiment. 
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Put FP in your PC with 

Beacon™ 2000 Data Manager Software 



The Beacon"' 2000 FP system can be used as a fully- 
functional stand-alone instrument. It comes equipped 
with onboard operating software specifically designed 
to enhance your research by allowing storage of up to 
99 user-defined protocols. The Beacon™ 2000 FP system 
can also be used in concert with your PC. for even 
more powerful data acquisition. The included Beacon™ 
2000 Data Manager Software enables the direct import 
of data recording and tabulation from the Beacon™ 

•PC is noi included. See page 6 for PC <iru! spreadsheet specifications. 



2000 instrument to your PC. The software presents the 
ddta in a form which is then easily copied and pasted 
into most popular spreadsheet programs*. The Data 
Manager software automatically displays and graphs 
data points in "real time" as they are acquired from 
the Beacon™ 2000 instrument. This feature allows you 
10 easily monitor the progress of your experiment as it 
unfolds. You may also send data directly to a thermal 
paper printer (included). 



One instrument for one-stop FP 



Don't waste your time shopping around. FP is just one-stop away. The Beacon™ 2000 FP system is fully functional 
instrument with all the accessories you need (Table J). 



Table 1 - Beacon'" 2000 System components 



.Beacon* 2000 System'coniportents 



External Thermal Printer (parallel port, 40-colum n format ) ■ 

Complete Set of Starter Reagents including: 

One-Step HP Reference Kit (Cat; no. P3088) 
Protease Activity Detection Kit (Cat. no. PV2010) 
.. UV Standardization Kit (Cat no. PV25Q0V 



Beacon" * 2000 Operator's Manual and FP Applications Guide^ 
Beacon™ 2000 Data Manager Software. 



Required Computer Cables and Power Cords 



Fluorescein filters ('190 nm excitation. 525 nm emission) 
'included wtlh the Red Range (Cat. no. P2810 and P2B11) instruments. 
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Beacon*" 2000 Fluorescence Polarization System 



Flexible format 



There's a Beacon" 2000 FP System that's right for you (Table 2). To meet your specific 
rnent comes in two formats: standard (360-700 nm) and red-range (254-900 nm). 



Table 2 - Beacon™ 2000 catalog numbers 



. Bsaroif* 2000 iirstfunienl . . . 


Wavelengths 


Cat. ho. 


Standard 110 V instrument 


360-700 nm 


P2300 


Rud Range 110 V Instrument 


254-900 nm 


P2810 • 


Standard 220 V instrument 


360-700 nm 


P2302 


Red Range 220 V instrument 


254-900 nm 


P281! . 



The Beacon™ 2000 

Fluorescence Polarization System-FP that fits 



With the Beacon™ 2000 FP System, you get: 

• Unique economical single-tube design 

• Practical compact size 

• Equilibrium binding directly in solution 

• Fluorescein labeling eliminates use of radioisotopes 

• Small sample volumes (100 pi) 

• Variable temperature control (6-65°C) 

• External filter holders— easy to use of other fluorophores 

• Computer-controlled data collection 

• Flexible instrument format 

• Thermal primer for direct data acquisition 



Start FP today 



To learn how the Beacon™ 2000 Fluorescence Polarization System can accelerate your 
www.invitrogen.com (keyword: Beacon™). 
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Beacon™ 2000 Fluorescence Polarization 

instrument Specifications 



Highlights: 

High Precision: Less than 2 mP standard deviation, at 1 nM fluorescein, for 0.1 ml sample. 

HWiSens&MW Accurate to 10" M fluorescein in the polarization mod. and 10" M fluorescein in the intensity mode, for 0.5 ml samp!,. 
Variable Temperawre Control: 6-6S 6 C in 1°C increments, t 1°C. 

Sample Volumes and Standard Chamber: Sample volume 100 pi in disposable 6 mm x 50 mm glass test tubes. 
Operatw Software: Step-by-step prompting for measurement of blanks and samples. 

Read rune: Static or Kinetic mode (minimum 6 seconds; number of read cycles variable, for very high precision.) 
Programmable Protocols: Up to 99 user-defined protocols, password protected. 

Output Signals and Printer: RS232 for interface with an IBM-compatible computer {not included); UB25 Parallel for Interface with 
external parallel, thermal printer (included). 

Data Manager Software: Microsoft* Windows' 3.1, 95. 98, NT, 2000. and XP compatible, graphical, data acquisition sottwa.e 
provided for use on IBM-compatible computer (not included). 

PC (not included) requirements for version 2.2b of the Beacon'" 2000 Data Manager Software: 

Windows* 3.1, 95, 98 or NT, or Windows* 2000 

Compatible Spreadsheet Programs 

Microsoft* Excel, or Lotus 1-2-3, or into a plotting/curve-fitting program 

Mechanical: 

Sample Format: Single-tube 

Overall Dimensions: 20.5' x 14.75' x 9.25" [52.6 cm x 37.S cm x 23.7 cm) 
Weight: 35 lb (15.9 kg) 

Electro-Optical: 

Excita i ion Illumination: 

Standard Instrument: High-intensity 100 Watt quartz halogen lamp for 360-700 nm excitation. 

Rod-Range Instrument: Same as standard instrument plus 100 Watt high-intensity mercury lamp for excitation from 

254-4'0 nm Plus an enhanced photomultiplier tube that increases emission detection range to 900 nm. 

Emission Detector: Photomultiplier tube (PMT) with selected high gain, low noise, low drift ^^^~^ Cli ° n - 
An enhanced PMT that increases the emission detection range to 900 nm is also available in the Red-Range Instrument. 
Ooncs Si wlemen, quaru optical system focuses excitation energy on the sample and collects focused, emitted fluorescent en- 
ergy on'he PMT detector. Excitation and emission polarizers and filters are in collimated light paths for optimum performance. 
Optical Fillers A Holders: Fluorescein filters standard, in easily accessible, external filter holders. Kilter holders accommodate 
other wavelength filters for use with different fluoruphores. 



Polarizers: 

Standard Instrument: Film polarizers. 

Red-Range Instrument: Clan-Taylor type of prism polarizer. 

Operating Environment: 

Power: 7u.-o configurations: 1 10 V, 1.6 A 0 50 Hz, or 220-240 V. 2.0 A <§> 50 Hz. 
Opera t ing Temperati i re: ! 5-25*0. 
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Beacon™ 200b Fluorescence Polarization System 



Related Products 



The following products available to use with the Beacon- 2000 FP instrument. Please 

www.invltrogen.cotn/drugdiscovery for updates to this list. 

PolarScreen ,M Fluorescence Polarization Assay Kits 



see 



Assay Description 

CDK Assay Kit, Rb iNt \ Green 
CDK Assay Kit, Rb lN ", Far Red 
Protein Kinase C Assay Kit, Green 
Protein Kinase C Assay Kit, Red 
Protein Kinase C Assay Kit, Far Red 
Ser/Thr Kinase Assay Kit, CREBtide, Far Red 
Ser/Thr Kinase Assay Kit. Crosstide, Green 
Ser/Thr Kinase Assay Kit, Crosstide, Red 
Ser/Thr Kinase Assay Kit. Crosstide. Far Red 
Serine Kinase Assay Kit, licB-a pSer32, Green 
Serine Kinase Assay Kit, IkB-u pSer32, Far Red 
Serine Kinase Assay Kit. IkB-cx pSer36. Green 
Threonine Kinase Assay Kit, PDK1, Green 
Threonine Kinase Assay Kit, PDK1, Far Red 
Tyrosine Kinase Assay Kit, Green 
Tyrosine Kinase Assay Kit. Red 
Tyrosine Kinase Assay Kit, Far Red 

Androgen Receptor Assay Kit. Green 
Glucocorticoid Receptor Assay Kit. Green 
Glucocorticoid Receptor Assay Kit, Red 
Estrogen Receptor-alpha Assay Kit. Green 
Estrogen Receptor-alpha Assay Kit. Red 
Estrogen Receptor-beta Assay Kit, Green 
Estrogen Receptor-beta Assay Kit. Red 
Progesterone Receptor Assay Kit, Green 
Progesterone Receptor Assay. Kit Red 
P PA Ry Assay Kit, Green 

Estrogen Receptor-alpha Coactivaior Assay Kit, Red 
Estrogen Receptor-beta Coactivator Assay Kit, Red 

Protease Activity Detection Assay Kit 

tTrtc volume of each assay is 100 pi unless otherwise indicated. 



Number of Assays* 

100 
800 x 20 pi 

100 

100 
800 x20 pi 
800 x 20 pi 

100 

100 
800 x 20 ill 

100 
800 x 20 pi 

100 

100 
800 x 20 pi 

100 

500 
800 x 20 pi 

400 x 40 pi 

100 

100 

500 
400 x 40 pi 

500 
400 x 40 pi 

100 

100 
400 x 40 pi 
400 x 40 pi 

100 



Cat. no. 

P2928 

PV3343 

P2747 

P2940 

PV3337 

PV3340 

P3103 

P3101 

PV3331 

P2827 

PV3334 

P2849 

P2884 

PV3346 

P2836 

P28S2 

PV3327 

P3018 

P2816 

P2893 

P2698 

P3029 

P2700 

P3032 

P2895 

P2962 

PV3355 

P3071 

P2994 

PV2010 
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GraphPad Prism 
5.0 




Learning Guide 



Tour overview 



What is GraphPad Prism? 

GraphPad Prism is a powerful combination of biostatistics, curve fitting (nonlinear regression) 
and scientific graphing in one comprehensive program. This tour will highlight key features of 
the program and provide the basic training you'll need to get started. Use it as inspiration, not a 
rigid method. We've worked hard to make Prism easy and intuitive to use. Explore Prism 
yourself -- try things, make a few mistakes. If you get stuck, search this help file for tips and 
answers, about the Prism program itself, or about statistical principles you might not 
understand. We're sure you'll be up to speed in no time. 



t OraphPad Prkro • {Project Ittjcpommt tot ttecayl 



QlViA 

j£ „.\nri*n ft ui I * ; 
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Abstract 



*2Z£ S^po~„ v :^ « «— ce,, 

zyxin, a potential regulator of actin polymer^ ion Z »ZZ L ~ cell behav.or, several actin-binding proteins, including 

tumors, a family of pediatric mal £E2TStaE Z I so "V '"^enests. n th.s work, we investigate the status of zyxin in Ewing 
encoding the EWS-FL.I onejETSJ ob^v £ EWS fTm'i f T"'* ^ " ' ( ' U22) ch ~™> trans.ocarioS 

SK-N-MC cells, exhibit a J^££%£l SJ^iSJ??- " Wd ' " human Ewin * —r-derived 

contacts. We show that within these cells Si k T ^ f ^ fcW S,reSS nberS - focal adhesions «* ccH-to-ccll 

instead of concealing in aSSrldZ « ^ " thjOU « hou ' ,he 

elicits reconstitution of^xin-rich focdSSTS^ ZS^V™ ""^. ta0 ^^^"-traasfonncd fibroblasts 
cel. motility, inhibition of anchorage-indepe den, X^^SZ ^ T^™™ ° f *" C >« to »- Creased 
phenotypic changes after ^ MneUnsfa 'in K nSI , 7 ? 0rma " 0n m athymic mice ' We observe simi1 ^ 

C 2004 Elsevier Inc. All rights rcsenxd ' 886X1,08 tha ' * yXm ^ lumor activity in Ewing tumor cells. 
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Introduction 

In noncancerous, adhesion to the extracellular matrix and 
to neighboring cells plays a central role in the control of cell 
survival, growrh, differentiation and motility [1-3]. Upon 
oncogenic transformation, profound changes occur in ceil 
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morphology and the organization of the cytoskeleton, in cell 
motility and in growth factor- or adhesion-dependent cell 
proliferation (for a review, see Ref. (4J). Disruption of the 
actm cytoskeleton and a concomitant reduction in the number 
of focal adhesions are common features accompanying cell 
transformation induced by various oncogenes. That the actin 
cytoskeleton plays a fundamental role in oncogenesis is 
suggested by the association of anchorage-independent 
growth and tumorigenicity with the rearrangements of the 
actin filament network observed in transformed cells [5], 
Adhesive interactions involve specialized transmembrane 
receptors that are linked to the cytoskeleton through junc- 
tional plaque proteins (for a review, see Ref. [6]). The 
synthesis of several actin-binding proteins, including a- 
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actinin. vinculin, tropomyosin and profilin, is down-regu- 
lated in transformed cells and overexpressing these proteins 
in tumor cells suppresses the transformed phenotype, which 
allows them to be considered as tumor suppressors. 

Zyxin, a low abundance phosphoprotein, localizes to 
focal adhesions, to cell-cell contacts, along actin stress 
fibers and within the lamellipodia of migrating cells [7-9J. 
Zyxin directly interacts with cx-actinin and Enabled/vaso- 
dilator-activated phosphoprotein (Ena/VASP), which con- 
nect it to actin filaments within these multicomponent 
structures. Anchoring of recombinant zyxin to the plasma 
membrane alters actin stress fiber organization within the 
cell. Artificial targeting of zyxin to the mitochondrion 
external membrane induces actin nuclearion and polymer- 
ization at the surface of the organelle [10,11]. ActA, a 
protein encoded by the pathogenic bacterium Listeria 
monocytogenes, is highly homologous to zyxin and 
stimulates actin polymerization in vitro [10]. These obser- 
vations suggest that zyxin, which colocalizes with acttn-rich 
dynamic structures within the cell, may be implicated in the 
spatial control of actin filament assembly. 

Zyxin expression is also deregulated in some cancer 
cells. It is overexpressed in acute myeloid leukemias [12], in 
melanomas [13] and upon fiber-induced carcinogenesis in 
rats [14]. Its synthesis is decreased in human fibroblasts 
transformed by simian virus 40, in bladder cancer cell lines 
and in several primary tumors [15.16]. Together with the 
actin cytoskeleton rearrangements commonly observed 
upon cell transformation, diese properties of zyxin prompted 
us to investigate the status of the protein in a model of 
pediatric cancer, Ewing tumors, which are the second most 
common malignancies of bone arising in children and 
young adults. Ewing tumors are mainly associated with a 
t( 1 1 ;22)(q24;ql2) chromosomal translocation, encoding the 
chimerical transcription factor EWS-FLI1 [17.18]. Ectopic 
expression of EWS-FLI1 is sufficient to transform immortal 
murine fibroblasts [19-21], whereas inhibition of EWS- 
FL11 expression in Ewing tumor-derived human cell lines, 
through antisense strategy or RNA interference, impairs 
anchorage-independent growth and in vivo tumorigenicity 
of the cells [22-24]. We show that zyxin levels are very low 
in EWS-FLI1 -transformed NTH 3T3 fibroblasts and in the 
Ewing tumor-derived human cell line SK-N-MC, which 
exhibit a disorganized actin cytoskeleton. We demonstrate 
that zyxin gene transfer into these cells contributes to the 
suppression of their transformed phenorype, suggesting that 
zyxin down-regulation may participate in EWS-FLIl- 
induced oncogenesis. 



Materials and methods 

Cell culture 

The NIH 3T3 cell line (3T3) was purchased from ATCC. 
The EWS-FLI1 -transformed NTH 3T3 cell line (3T3-EF) 



was a kind gift from J. Ghysdael (Orsay, France). These 
cells are 3T3 fibroblasts that have been stably transduced by 
the cDNA encoding the type 1 EWS-FLI1 fusion protein 
inserted downstream of the Mo-MuLV long terminal repeat 
in the pBabe-puro retroviral vector. All the 3T3-derived cell 
lines are cultured in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 100 Ul/ml penicillin, 100 ng/ 
ml streptomycin and 10% heat- inactivated newborn calf 
serum (all from Gibco). 3T3-EF-derived cells are selected 
with 2.5 ng/ml puromycin (Sigma). FlyAl3 is an ampho- 
tropic packaging cell line used to encapsidate the pLNCX 
retroviral shuttle, in which the Mo-MuLV Gag-Pol and 
RD114 Env functions are encoded by two distinct plasmids 
[25]. FlyA13 cells (gift from F.L. Cosset, Lyon, France) are 
grown in DMEM supplemented with 100 Ul/ml penicillin, 
100 ng/ml streptomycin and 10% heat-inactivated fetal calf 
serum (all from Gibco), plus 4 u.g/ml blasticidin and 10 u.g/ 
ml phleomycin (Cayla). The SK-N-MC cell line was 
purchased from ATCC. It is a human Ewing tumorKierived 
cell line harboring a type 1 EWS-FLU fusion gene. This cell 
line is cultured in Eagle's minimum essential medium 
supplemented with 100 Ul/ml penicillin, 100 ug/ml 
streptomycin, 0.1 mM nonessential amino acids and 10% 
heat-inactivated fetal calf semm (all from Gibco). Cells 
stably transduced with pLNCX- or pcDN A3 -derived 
expression vectors are selected with G418 (Gibco) at 0.8 
(3T3-derived cell lines) or 0.25 mg/ml (SK-N-MC -derived 
cell lines). 

Plasmid constructs 

The full-length cDNA encoding human zyxin was 
excised from the pZyxinGFP plasmid (a kind gift from M. 
C. Beckerle, Salt Lake City, UT) through flamHW/ZwdlTT 
restriction and inserted between the BglW and HindUl sites 
of the pLNCX vector (Clontcch), downstream of the human 
cytomegalovirus (CMV) immediate early promoter/ 
enhancer. A sequence encoding three flag peptides was 
added, in the same reading frame, downstream of the zyxin 
coding sequence, through Avrll-Nsi\ restriction. The 
resulting construct was called pLNCX-zyxin. The CMV 
promoter in pLNCX or pLNCX-zyxin was replaced by the 
EFla promoter through BamW\-Sal\ restriction. Then the 
EFla or EFla-zyxin sequence was substituted to the CMV 
promoter in the pcDNA3.1 vector (Invitrogen) through 
NruV-Xba\ restriction to generate pcDNA3-EFla and 
pcDNA3-EFla-zyxin, respectively 

Cell transfection and infection 

The FlyA13 packaging cell line was transfected with the 
pLNCX or the pLNCX-zyxin vector (0.15 ug/cnr) using 
Superfect reagent (Qiagen) following manufacturer's 
instructions. Cells expressing the neo R gene were selected 
for 7 days with 0.8 mg/ml G418, pooled, expanded ^and 
plated into 75-cm 2 flasks at a density of 25,000 cells/cm 2 for 
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viral particle production. Two days later, the culture medium 
was replaced by DMEM without 04 1 8. On the third day the 
virus-containing medium was harvested, filtered through a 
0.45-pm pore size membrane, aliquoted and frozen Virus 
titers were determined by infection of 3T3 fibroblasts 
Infection of 3T3 and 3T3-EF cells in zyxin reexpression 
experiments was performed at a multiplicity of infection of 
0.1. After 1 week, infected cells were selected with G4 18 
and amphfied as polyclonal populations of cells stably 
transduced by pLNCX (3T3-control and 3T3-EF-control) or 
pLNCX-zyxm (3T3-zyxin and 3T3-EF-zyxin). SK-N-MC 
cells were transfected with the pcDNA3-EFIa and 
pcDNA3-EFI«-zyxin vectors by calcium phosphate coprc- 
c.p.tation, using 50 »g DNA per 50-cm" dish. G418 was 
added 24 h later. Cells stably transduced with P cDNA3- 
EFla and pcDNA3-EFla-zyxin were grown as polyclonal 
populations (SK-N-MC-control and SK-N-MC-zyxin). 

Western blot 

Total proteins were extracted from cells at 70% 
confluence with ice-cold RTPA (10 mM Tris-HCl pH 7 4 
100 mM NaCI, I mM EDTA, 1% Triton X-100 0 5% Na 
deoxycholate. 0.1% SDS) in the presence of Complete 
protease inhibitor mix (Roche). After incubation for 30 min 
at 4'C, samples were centrifuged for 10 min at 14,000 rpm 
Supematants were collected and protein concentrations were 
measured by the Bradford assay (Biorad). Eighty micro- 
grams of proteins were boiled in Laemmli buffer and 
electrophoresed on a 10% SDS-polyacrylamide gel accord- 
ing to standard procedures. The proteins were electroblotted 
onto a Hybond C-Extra membrane (Amersham) in 20 mM 
sodium phosphate, pH 6.7. The membrane was blocked by 
10% powder milk in TBST (20 mM Tris-HCl. pH 7 5 500 
mM NaCI. 0.1% Twecn 20) for 1 h at room temperature 
Incubation with the primary antibody (164D4 mouse anti- 
zy.xm antibody provided by J. Wehland, Braunschweig 
Germany, mouse anti-flag M2 antibody. Sigma, or mouse 
ant.-a-tubulin antibody, Santa Cruz) was carried out over- 
night at 4X in TBST Incubation with an anti-mouse IgG 
secondary antibody, conjugated to alkaline phosphatase 
(B.orad), was carried out for I h at room temperature 
Detection was performed by enhanced chemiluminescence 
(Immun-Star, Biorad). Quantification of the signals on the 
films was achieved with the Bioprofil BiolD software 



Fluorescent staining 

Cells were sceded onto glass cover slips at a density of 
^000 cells/cm'. Seventy-two hours later, cells were fixed' for 
-0 mm m PBS containing 3% paraformaldehyde. The 
paraformaldehyde solution was neutralized with 50 mM 
NH 4 C1. Extraction was carried out for 4 min with 0 4% 
Triton X-100 in PBS. Cells were incubated for 1 h with 
blocking buffer (3% bovine scrum albumin in PBS) and 
then for I h with undiluted I64D4 anti-zyxin antibody M2 



anti-flag antibody (2 pg/ml, Sigma) or phalloidin-FITC 
(265 nM, Sigma) in blocking buffer. Cells treated with anti- 
zyxin or anti-flag antibody were then incubated with a 
donkey anti-mouse IgG antibody conjugated to TRFTC 
(Jackson Immunoresearch) for 30 min at room temperature 
Cover slips were mounted in Vectashield ™ (Zymed) and 
observed through a fluorescence microscope (Nikon). 

Cell motility 

For wound migration assays, cells were grown to 
confluence in 60-rnm dishes. A wound was introduced in 
the monolayer with a shaip, l-mm-thick plastic scraper 
Twenty-four hours later, cells were observed by phase 
contrast light microscopy. For video recording, cells were 
seeded onto glass cover slips at 20% confluence 72 h before 
recording. Cover slips were incubated in hermetic mini- 
chambers at 37'C in a humidified 5% CO. atmosphere 
(Leica). Phase contrast photographs were taken every 4 min 
for 20 h with a video recorder (Leica). The movements of 
the cells were analyzed with the Metamorph software 
(Universal Imaging, Downingtown, PA) allowing to recon- 
stitute the track of each cell and to measure its length. 

In vitro ctonogenieity assay 

Cells were embedded in complete culture medium 
supplemented with 0.8% methylcellulose (Methocel 
MC4000, Sigma), seeded in triplicate into 35-mm dishes 
and incubated at 37"C in a humidified 5% C0 2 atmosphere. 
The number of cells seeded was 1 000 cells per dish for 3T3- 
derived cell lines and 5000 cells per dish for SK-N-MC- 
denved cell lines. After 4 weeks, macroscopic clones 
(diameter > 120 pm) were counted. 



In vivo tiimorigenicity assay 

Eight female nude mice, aged 6-8 weeks, were inocu- 
lated with each cell line tested. Animals were housed in 
sterile, air-conditioned atmosphere, given food and water in 
standard conditions and handled in a sterile laminar-flow 
hood. The mice were irradiated at 5 Gy the day before 
injection. Subcutaneous injection was performed with I0 A 
mouse cells or 5 x 10 6 human cells in 0.2 ml PBS. Tumor 
development was monitored once a week. The length (L) 
and w,dth (W) of each tumor were measured to calculate 
tumor volume (V) as follows: V = 21V(U2)\ 

Results 

Zyxin expression is down-regulated in 
E WS-FU1- transformed 3T3 fibroblasts 

In order to investigate the status of zyxin in EWS-FLI1- 
transfonncd cells, we used murine 3T3 fibroblasts that have 



4 



V. AmseJlem et al. / Experimental Cell Research xx (2004) xxx-xxx 



been transduced with the pBabe-puro retroviral vector 
designed for expression of the EWS-FLU -encoding cDNA 
under the control of the CMV promoter. When compared to 
the parental 3T3 fibroblasts, EWS-FLU -expressing cells 
display a more rounded shape, with fewer cytoplasmic 
extensions and a reduced spreading area. They establish no 
stable cell-to-cell contacts. Their morphological character- 
istics and their behavior in culture remind those of trans- 
formed cells, in agreement with previously published 
studies on immortal murine fibroblasts ectopically express- 
ing EWS-FLIi (e.g., Rcf. [20]). To explore possible 
correlations between cell morphology and cytoskeleton 
organization, we performed actin filament staining with 
phailoidin-FTTC on parental (3T3) and EWS-FLII -express- 
ing (3T3-EF) NIH 3T3 fibroblasts. 3T3 cells exhibit a 
highly organized actin filament network comprised of 
numerous, thick stress fibers (Fig. la) whereas the actin 
cytoskeleton is entirely disrupted in 3T3-EF cells, showing 
no stress fibers at all. Actin remains diffusely distributed 
within the cytoplasm or accumulates into lamellipodia (Fig. 
lj). The overall level of actin is the same in the two cell 
types (data not shown). We then proceeded with zyxin 
immunostaining in these cells. In 3T3 fibroblasts, zyxin is 
found in association with stress fibers, focal adhesions, the 
cell edge and cell-to-cell contacts (Fig. lb). In 3T3-EF cells, 
zyxin staining is faint. The protein is no longer found 
associated with any particular cytoskeletal structure, cell-to- 
matrix, or cell-to-cell contacts. Some zyxin is present in the 
lamellipodia (Fig. Ik). To see whether poor staining of 
zyxin in 3T3-EF cells is due to down-regulation of its 
expression in the presence of EWS-FLII, we analyzed total 
protein extracts from 3T3 and 3T3-EF cells by Western 
blotting. We observed that zyxin is underex pressed in EWS- 
FLII -transformed cells (Fig. 2 A, lane 4), as compared with 
parental, 3T3 fibroblasts (Fig. 2 A, lane 1). Zyxin levels 
were quantified in three independent Western blot experi- 
ments using the Bioprofil Bio ID software. As shown in Fig. 
2B (compare 3T3-EF to 3T3), the level of zyxin is reduced 
by 50-75% upon 3T3 cell transformation by EWS-FLII. 
Zyxin expression is not reduced when 3T3 fibroblasts are 
transduced with the empty pBabe-puro control vector (data 
not shown). Our results demonstrate that disruption of the 
actin cytoskeleton correlates with reduced expression of 
zyxin in 3T3 fibroblasts transformed by EWS-FLII. 

Reexpression of zyxin in EWS-FU I -transformed ST3 
fibroblasts 

In order to explore the contribution of zyxin down- 
regulation to the tumoral phenotype, we decided to 
reexpress the protein in EWS-FLII -transformed 3T3 fibro- 
blasts. For this purpose, the cDNA encoding human zyxin, 
fused to a C-terminal flag, was inserted downstream of the 
CMV promoter in the pLNCX shuttle vector to generate the 
pLNCX-zyxin plasnrid, and recombinant retroviral panicles 
were prepared to infect 3T3-EF cells. As a control, infection 



was performed with viral particles derived from the pLNCX 
empty vector. In both cases, transduced cell populations 
(3T3-EF-zyxin and 3T3-EF-control) were selected with 
G418. Zyxin expression was monitored by Western blot 
analysis using the 164D4 anti-zyxin monoclonal antibody. 
Endogenous zyxin is detected at very low levels in 3T3-EF, 
3T3-EF-control and 3T3-EF-zyxin cells (mouse zyxin: Fig. 
2A, lanes 4-6). Human zyxin can be detected in 3T3-EF- 
zyxin cells (flagged human zyxin: Fig. 2A, lane 6). Note 
that the flagged human protein migrates slower than the 
native murine protein in SDS-PAGE, allowing for distinc- 
tion between endogenous and exogenous zyxin in trans- 
duced cells. The level of zyxin reached in 3T3-EF-zyxin 
cells exceeds by 1.5- to 2-fold, that of endogenous zyxin in 
parental 3T3 fibroblasts (Fig. 2A, compare lane 6 to lane 1), 
as confirmed by the results of total zyxin quantification (Fig. 
2B). We verified that an anti-flag antibody allowing for the 
detection of exogenous human zyxin in 3T3-EF-zyxin cells 
does not cross-react with riie endogenous mouse zyxin (Fig. 
2C). Before going on and studying the effects of zyxin 
reexpression on the phenotype of the transformed fibro- 
blasts, we have checked the levels of EWS-FLII in 3T3-EF, 
3T3-EF-control and 3T3-EF-zyxin cells and found that 
these remain identical in the three cell lines (data not 
shown), 

Zyxin reexpression induces morphological changes and 
cytoskeleton reorganization in EWS-FU I 'transformed 
fibroblasts 

We began the phenotypic characterization of the 3T3-EF- 
zyxin cell line by light microscopic observations and by actin 
and zyxin fluorescent staining. Reexpression of zyxin in 
3T3-EF cells alters their morphology and behavior in culture. 
Transduced ceils recover a flat morphology resembling that 
of parental 3T3 fibroblasts, display extended spreading areas 
and make large cell-cell contacts. Actin staining of these 
cells demonstrates that such morphological changes are 
supported by a major reorganization of their cytoskeleton: 
numerous actin filament bundles are observed throughout 
the cytoplasm of the 3T3-EF-zyxin cells, reminding the 
stress fibers seen within parental fibroblasts, albeit somewhat 
shorter and thinner than the original structures (Fig. lp). 
Furthermore, immunostaining of the cells with the anti-zyxin 
antibody shows that, upon reexpression in 3T3-EF cells, 
zyxin no longer appears diffusely distributed throughout the 
cytoplasm but relocalizes to the length and ends of actin 
bundles, to the cell edge, to focal adhesions and intercellular 
junctions (Fig. Iq). Immunostaining of the cells with the 
anti-flag antibody gives identical results, revealing that 
exogenous human zyxin has the same subcellular distribu- 
tion in 3T3-EF-zyxin cells as mouse endogenous zyxin in 
parental 3T3 fibroblasts (Fig. lr). 3T3-EF-control cells 
transduced by the pLNCX empty vector exhibit the same 
morphology, actin cytoskeleton architecture and zyxin 
localization as 3T3-EF fibroblasts (Figs. 1m, n. o). 
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Because the total level of zyxin in 3T3-EF- Z yxin cells is 
higher than m parental 3T3 cells, we checked for the effects 
that zyxm overexpression could exert in nontransfonned 
tells. We .nfected parental 3T3 fibroblasts widi retroviral 
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pameles derived from the zyxin-encoding pLNCX plasmid 
or the empty pLNCX vector to produce two G^S-resistant 
cell populates, the 3T3-zyxin and 3T3-control cell lines 
respecttvely. Western blot analysis shows that the endoge- 
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Fig. 2. Western blot analysis of zyxin expression in 3T3- and 3T3-EF- 
derived cells. (A) Zyxin expression detected with the I64D4 monoclonal 
antibody in uninfected 3T3 (lane I) and 3T3-EF cells (lane 4). in 3T3 and 
3T3-EF cells infected with control pLNCX vector (3T3-control, lane 2; 
3T3-EF-control. lane 5) or with the zyx in-encoding vector (3T3-zyxin. lane 
3; 3T3-EF-ZYXin, lane 6). (B) Relative amounts of total zyxin (endogenous 
plus exogenous) in the six cell lines analyzed. Three independent Western 
blot experiments were performed and the amounts of zyxin were quantified 
with the Bioproiil Bio ID software. Graph represents mean values ± SEM. 
(C) Western blot demonstrating the specificity of the M2 anti-flag 
monoclonal antibody towards exogenous zyxin, which is present in 3T3- 
EF-zyxin (lane 3) but not in 3T3 (lane I) or 3T3-EF cells (lane 2). 



nous levels of zyxin are unaltered in the transduced cells 
(Fig. 2 A, lanes 1-3, mouse zyxin) and that the levels of 
exogenous zyxin obtained in 3T3-zyxin cells (Pig. 2A, lane 
3, flagged human zyxin) are similar to those obtained in 
3T3-EF-zyxin cells (Fig. 2A, lane 6, flagged human zyxin). 
These observations are confirmed by quantitative analysis 
(Fig. 2B). No changes in cell morphology, actin cytoskele- 
ton organization or zyxin distribution were observed in the 
3T3-control cell line (Fig. I, compare d, e, f to a, b, c) and in 
the 3T3-zyxin cell line (Fig. 1. compare g. h to a, b). Again, 
the exogenous zyxin (Fig. li) has the same subcellular 
localization as the endogenous zyxin (Figs, li and b). All 
these observations lead to the conclusion that zyxin 
rcexpression in 3T3-EF cells specifically suppresses the 
effects of EWS-FLI1 -induced transformation on cell mor- 
phology, actin filament organization and zyxin subcellular 
distribution. 

Zyxin rcexpression reduces the intrinsic motility 
of ErVS-FU I -transformed fibroblasts 

Because cytoskeleta! organization and actin polymer- 
ization play crucial roles in cell migration, which is involved 
in tumor progression and invasion, we then wanted to know 
whether zyxin rcexpression in EWS-FLIl -transformed 
fibroblasts would affect the intrinsic motility of the cells. 
To get an overall evaluation of their motile properties, we 



first compared the behavior of 3T3-EF-zyxin cells to that of 
3T3-EF cells in a wound healing assay. Cells were grown to 
confluence and a wound was created in the cell layer with a 
plastic scraper. Migration of the cells beyond the border of 
the wound, into the empty space, was monitored 24 h later. 
Photographs are shown for 3T3, 3T3-EF, 3T3-EF-control 
and 3T3-EF-zyxin cells, as well as for the 3T3-control and 
3T3-zyxin cell lines (Fig. 3). We observe that 3T3 
fibroblasts show minimal individual cell migration into the 
wound (Fig. 3a). On the contrary, 3T3-EF cells migrate 
beyond the border of the wound into its whole area (Fig. 3d) 
and the same result is obtained with the 3T3-EF-control cell 
line (Fig. 3e). The behavior of the 3T3-EF-zyxin cells in this 
assay is intermediate between that of 3T3 and that of 3T3- 
EF cells: a significant number of cells migrate beyond the 
border of the wound, but the central part of the empty area 
remains devoid of cells (Fig. 30- Transduction with the 
pLNCX control vector or overexpression of zyxin does not 
change the behavior of parental 3T3 fibroblasts: minimal 
individual cell migration into the wound is observed with 
3T3-control and 3T3-zyxin cells (Figs. 3b and c). Thus, 
EWS-FLIl -induced transformation of 3T3 Fibroblasts 
results in increased cell motility, whereas zyxin reexpression 
in the EWS-FLIl -transformed fibroblasts results in reduced 
cell motility. 

To get further insight into the behavior of 3T3-EF and 
3T3-EF-zyxin cells, we then performed video recordings of 
their migration on the surface of glass cover slips. For this 
purpose, two clones, 3T3-EF-zyxinl and 3T3-EF-zyxin2. 
were isolated from the 3T3-EF-zyxin cell population. Zyxin 
reexpression was confirmed in these two clones by Western 
blotting as shown in Fig. 4C. These clones were cultured 
within incubation chambers on a phase-contrast microscope. 
Cell movements were recorded for 20 h with a numerical 
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Fig. 3. Wound healing assay performed on 3T3- and 3T3-EF-derived cell 
lines. Phase contrast photographs of 3T3 (a), 3T3-control {b), 3T3-zyxm 
fc), 3T3-EF (d). 3T3-EF<ontrol (c) and 3T3-EF-zyxin cells if) after 24 h of 
cell migration into a I -mm wound ai the surface of 60-mm tissue culture 
dishes. Scale bar 88 100 um. 
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camera and analyzed with the Metamorph software. The 
results were compared to those obtained with the 3T3 and 
3T3-EF cell lines. The tracks of a dozen of cells are drawn 
m Fig. 4A for 3T3. 3T3-EF. 3T3-EF-zyxinl and 3T3-EF- 
zyxm2 fibroblasts. The length of each track was measured 
and the mean of the values obtained with each cell line for a 
20-h migration was plotted on a bar graph (Fig. 4B). These 
experiments show that the mean distance covered by the 
cells in 20 h is 0.6 mm for 3T3 ceils and 1 .5 mm for 3T3-EF 
cells. The values obtained with 3T3-EF-zyxinl and 3T3-EF- 
zy.xin2 cells are 0.7 and 0.8 mm, respectively. The differ- 
ences observed between 3T3-EF and 3T3 cells on the one 



hand, and between each of the 3T3-EF-zyxin clones and 
3T3-EF cells on the other hand, are significant (Student's I 
test: P < 0.0001). Because we infer that differences in cell 
motility depend on the relative levels of zyxin initially 
expressed in the cell lines studied, we verified hv Western 
blot that these levels do not vary with cell density (not 
shown), in agreement with the results of previous studies 
performed on migrating keratinocytes f26]. Supporting the 
conclusions drawn from the wound healing assay, as can be 
seen on the video record available online (supplementary 
data), changes in the migratory behavior of the cells can be 
attributed to two phenomena. First, the movement of 3T3- 
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EF cells on the surface of the cover slips occurs at higher 
speed than the movement of 3T3 or 3T3-EF-zyxin cells. 
Second, 3T3 and 3T3-EF-zyxvn cells exhibit a high 
propensity to establish strong and stable intercellular 
junctions when they come into contact with each other, 
which impedes their migration, shortening their mean 
displacement around twofold. 

Reexpression of zy>xin suppresses anchorage-independent 
growth and tumorigenicity of EWS-FU I -transformed 
fibroblasts 

Among the properties acquired by transformed cells is 
anchorage-independent growth, which reflects the ability of 
the cells to proliferate in the absence of signaling from the 
extracellular matrix. This characteristic can be assessed 
through evaluation of cell clonogenicity in semisolid 
medium. Thousand cells were seeded per 35-mm dish in 
culture medium supplemented with methylcellulose. Clones 
with a diameter larger than 120 urn were counted after 4 
weeks. Each cell line was tested in triplicate and the mean 
number of clones per dish was plotted on a bar graph 
(Fig. 5). Parental 3T3 fibroblasts are unable to grow in 
semisolid medium. In the same conditions, 3T3-EF cells 
give rise to the growth of 264 clones per dish. With the 3T3- 
EF-zyxin cell line, only 28 clones per dish are obtained, 
whereas 3T3-EF-control cells grow as well as the 3T3-EF 
ceils (280 clones per dish). The reduction in clonogenicity 
between 3T3-EF (or 3T3-EF-control) and 3T3-EF-zyxin 
cells is significant [P < 0.0001). Overexpression of zyxin in 
3T3 cells or transduction of these cells with the empty 
pLNCX vector (3T3-control cell line) does not affect their 
behavior in semisolid medium; no clones are obtained with 
these two cell lines. Thus, reexpression of zyxin in EWS- 
FL11 -transformed fibroblasts strongly and specifically 
reduces their anchorage-independent growth capacity. 





Fig. 5. Anchorage-independent growth of 3T3- and 3T3-EF-derived cells 
assayed in methylcellulosc-supplemenied medium. For each of the celt lines 
tested (3T3. 3T3-conrrol. 3T3-zyxin. 3T3-EF, 3T3-EF -control and 3T3-EF- 
zyxm), 1000 cells were seeded peT 35-mm disb in complete growth medium 
supplemented with 0.8% methylcellulose. Colonics >I2Q urn were counted 
after 4 weeks. Bar graph represents the means ± SEM of the values 
obtamed in three dishes for each cell line. 
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Fig. 6. In vivo tumorigenicity of 3T3, 3T3-EF, 3T3-EF -control and 3T3-EF- 
zyxin cells. Tumor formation was monitored after subcutaneous injection of 
I0 6 cells in nude mice. Percent of animals that have developed a tumor is 
plotted against time and statistical significance is evaluated by the log rank 
test. P values are calculated with respect to ihe results obtained with the 
3T3-EF cell line. 

in order to see whether the loss of in vitro clonogenicity 
correlates with reduced tumorigenicity in vivo, tumor 
formation was assessed in nude mice after subcutaneous 
inoculation of 3T3, 3T3-EF and 3T3-EF-zyxin cells. For 
each cell line, the time separating ceil inoculation from 
tumor detection was recorded in eight mice. Statistical 
significance was evaluated with the log rank test (Fig. 6). No 
tumor formed after inoculation of parental 3T3 cells. Tumors 
appeared between 3 and 6 weeks for 3T3-EF and 3T3-EF- 
control cells, with a median time of 4 weeks. For 3T3-EF- 
zyxin cells, tumors appeared between six and 1 1 weeks, 
with a median time of 7.5 weeks. This result significantly 
differs from that obtained with 3T3-EF and 3T3-EF-control 
cells (P < 0.000 1). In agreement with the impairment of 
anchorage-independent growth in vitro observed upon zyxin 
reexpression in EWS-FLI 1 -transformed fibroblasts, tumor- 
igenicity of 3T3-EF-zyxin cells in nude mice is significantly 
reduced as compared to that of 3T3-EF cells. 

Effects of zyxin overexpression in the Ewing tumor-derived 
human cell line SK-N-MC 

The human cell line SK-N-MC was established from a 
Ewing tumor expressing the type 1 EWS-FLI 1 fusion. To 
check the level of expression of zyxin in this cell line, we 
performed Western blot experiments. Since the histological 
origin of Ewing tumors is unknown, no healthy counterpart 
of the tumor cells is available for comparative studies. 
However, comparing zyxin expression levels in 3T3, 3T3- 
EF and SK-N-MC cells, we observe that the level of zyxin 
protein in the human cell line, as revealed with the 164D4 
antibody, seems to be as low as in 3T3-EF cells (Fig. 7, 
lanes 1 to 3). Thus, we decided to overexpress zyxin in SK- 
N-MC cells and to analyze the effects of exogenous zyxin 
on the phenotype of these cells. SK-N-MC cells were stably 
transfected with the pcDNA3-EF 1 a-zyxin plasmid, which 
encodes human zyxin harboring a C-tcrrninal flag, or with 
the pcDNA3-EFlc* empty vector. G418-resistant cell 
populations were selected, generating the SK-N-MC-zyxin 
and SK-N-MC-control cell lines, respectively. Zyxin is 
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Hg. 7. Western blot analysis of zyxin expression in murine and human 
bWS-FU 1 -transformed cells. Total zyxin (endogenous and exogenous) was 
detected with the I64D4 monoclonal antibody (upper panel) in 3T3 (lane I ) 
and 3T3-EF (lane 2) murine fibroblasts and in the Ewing rumor-derived 
human ceil line SK-N-MC, either untransfected (lane 3), stably tninsfected 
with the empty pcDNA3.l vector <SK-N-MC-contn>l f lane 4) or stably 
transfected with the zyxin-encoding pcDNA3.l vector (SK-N-MC-zyxin 
lane 5). Loading control was performed on the same blot with an anri-a- 
tubuhn mouse monoclonal antibody (lower panel). 



detected in whole cell extracts from these two populations 
by Western blot (Fig. 7, upper panel). Exogenous zyxin can 
be distinguished from endogenous zyxin on the blots due to 
the presence of the flag, which slows its migration. Thus, 
exogenous zyxin is expressed at a level similar to that of the 
endogenous zyxin present in 3T3 fibroblasts (Fig 7 
compare lane 5, flagged human zyxin, to lane I, endoge- 
nous zyxin), whereas the level of endogenous zyxin remains 
unchanged upon transfection of the SK-N-MC cells with the 
pcDNA3-EF 1 a-zyxin plasmid or with the pcDNA3-EFla 
empty vector (Fig. 7, lanes 3-5, endogenous zyxin). 
Loading control was performed on the same blot with an 
anti-a-tubulin monoclonal antibody (Tig. 7, lower panel). 

SK-N-MC cells grow as dense clusters of small cells. 
Fluorescent staining of actin and zyxin in these cells shows 
that the actin cytoskeleton is entirely destructured and that 
zyxin is of low abundance with a diffijse distribution 
throughout the cytoplasm (Figs. 8a, b). The SK-N-MC- 
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Fig. 8. Architecture of Ihe actin cytnskeleton and subcellular distribution of zyxin in fcWKiurr ■ . ■ 
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zyxin cell population includes cells that display a consid- 
erable increase in their spreading area, long thick actin stress 
fibers, and punctate zyxin-rich structures at the border of the 
cells and within intercellular junctions (Figs. 8g, h). Trans- 
fection of SK-N-MC cells with the empty pcDNA3-EFla 
vector does not affect cell morphology or cytoskeletal 
organization (Figs. 8d, e). In SK-N-MC-zyxin cells, staining 
of zyxin with the anti-flag antibody demonstrates that the 
subcellular localization of exogenous and total zyxin is the 
same (Fig. 8, compare i and h). Furthermore, since the 
pcDNA3-EFla-zyxin-transfected cell population is hetero- 
geneous, we can observe thai cells that display a flat 
morphology, associated with the presence of actin stress 
fibers, express detectable levels of exogenous zyxin, which 
concentrates along the cell border or within cell-to-cell 
contacts (see cells immediately above white line in Figs. 8i 
and j). whereas cells that do not express exogenous zyxin 
retain their small size and disorganized actin cytoskeleton 
(see cells below white line in Figs. 8h and i). We conclude 
that zyxin overexpression correlates with actin network 
reorganization and cell spreading in Ewing tumor-derived 
human SK-N-MC cells. 

In order to know whether zyxin overexpression in SK- 
N-MC cells affects their tumoral phenotype, we tested the 
ability of SK-N-MC-zyxin to grow in semisolid medium. 
For each of the SK-N-MC, SK-N-MC-control and SK-N- 
MC-zyxin cell lines, three 35-mm dishes were seeded with 
5000 cells embedded in culture medium supplemented with 
methylcellulose. Clonogenicity was checked after 4 weeks 
and the mean number of clones <>120 ^m) per dish was 
plotted in a bar graph (Fig. 9). SK-N-MC and SK-N-MC- 
control cells gave rise to 284 and 290 clones per dish, 
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Fig. 9 Anchorage-independent growth of SK-N-MC-derived cells assayed 
in methylcellulose -supplemented medium. For each of the three cell lines 
tested c SK-N-MC SK-N-MC-control, SK-N-MC-zyxin), 5000 cells were 
seeded per 35-mm dish in complete growth medium supplemented with 
0.8% methylcellulose. Colonics > 120 urn were counted after A weeks. Bar 
graph represents the means ± SEM of the values obtained in three dishes 
for each cell line. 



respectively. Only 124 clones were obtained with the SK- 
N-MC-zyxin cells. With this test, the effect of zyxin 
overexpression in SK-N-MC cells is not so clcarcut as in 
3T3-EF cells. This may be due to heterogeneity in 
exogenous zyxin expression within the population of 
transduced human tumor cells, which is not observed in 
the EWS-FLU -transformed murine fibroblasts. However, 
the reduction in the number of clones obtained is 
significant (P < 0.0001), allowing us to conclude that 
zyxin overexpression impairs anchorage-independent 
growth of SK-N-MC cells. 

Although the effects of zyxin gene transfer appear to be 
less dramatic in SK-N-MC cells than in 3T3-EF cells, we 
were interested in checking for the in vivo tumongenicity of 
SK-N-MC-zyxin cells as compared to that of SK-N-MC and 
SK-N-MC-control cells. The behavior of SK-N-MC-dcrived 
cells differs from that of 3T3-EF-derivcd cells after 
injection into nude mice. First, a higher number of SK-N- 
MC cells has to be inoculated for tumor development to 
occur (5 x 10' instead of 10° cells). Second, rumors appear 
earlier ail the animals inoculated with SK-N-MC-derived 
cells develop tumors within one to 2 weeks following 
injection. Third, tumors grow very fast, so that the 
experiment had to be interrupted at 6 weeks post-injection 
because tumor volume was two high in control mice to go 
on. In these assay conditions, we observe that zyxin 
overexpression in SK-N-MC cells does not delay tumor 
formation in nude mice but that it reduces the rate of rumor 
growth. Tumors induced by SK-N-MC-zyxin cells appear at 
the same time as tumors induced by SK-N-MC or SK-N- 
MC-control cells. However, as shown in Fig. 10, 6 weeks 
after inoculation, the mean tumor volume is lower for SK- 
N-MC-zyxin cells (587 mm 3 ) than for SK-N-MC cells 
(2433 mm 3 ) or SK-N-MC-control cells (2819 mm 3 ). 
Student's t test analysis of these results indicates that the 
values obtained with SK-N-MC and SK-N-MC-control cells 
are not significantly different from each other, but 
significantly differ from those obtained with SK-N-MC- 
zyxin cells (P < 0.05). Thus, in vivo tumongenicity assay In 
nude mice shows that an inhibitory effect on tumor 
progression is elicited upon zyxin overexpression in SK- 
N-MC cells. 



Discussion 

A number of indirect observations led us to study the 
contribution of zyxin to the tumoral phenotype in EWS- 
FLI I -transformed cells: (i) malignant transformation alters 
cell morphology, cytoskeletal architecture, adhesion and 
motility [4]; (ii) zyxin associates with specialized actin 
structures and is implicated in the regulation of cytoskeleton 
architecture and dynamics |7-9]; (iii) zyxin expression is 
deregulated upon transformation of several cell lines [13- 
15]. Because the histogenic origin of Ewing tumors is still 
unknown, no healthy counterpart of Ewing tumor cells is 
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available for comparative studies. Two hypotheses have 
essentially been retained: Ewing tumors would either derive 
from neuroectodermal or from mesenchymal precursors 
Dtverse models have been used to try and elucidate the 
mechanisms of EWS-FLI1 -induced oncogenesis. Among 
them, immortal mouse fibroblasts can be considered as a 
useful experimental support, since they are the only cells 
that can be thoroughly transformed by EWS-FLI1 and they 
seemed to us particularly well-designed to analyze the 
changes in cytoskeleton architecture accompanying cell 
transformation in a mesenchymal cellular background. We 
actually observe that upon transformation bv EWS-FLI1 
3T3 fibroblasts lose their fiat morphology, their actio 
cytoskeleton is disorganized, they acquire high motility 
anchorage-independent growth and tumorigenicity in nude 
mice. Zyxin expression is reduced in the transformed cells 
as compared with the parental fibroblasts. Zvxin gene 
transfer into these cells restores the levels of zyxin protein 
characteristic of normal cells, and thereupon, the trans- 
formed phenotype is at least partially reverted: cells with 
higher levels of zyxin recover a fibroblastic morphology 
stress fibers, focal adhesions and cell-to-cell contacts- they 
exhibit reduced intrinsic motility, anchorage-independent 
growth and tumorigenicity in nude mice. Our experiments 
were earned out with polyclonal cell populations, thereby 
excluding a possible influence of vector integration site on 
cell phenotype. We observe that human zyxin efficiently 
reverts the effects of murine zyxin underexpression in 3T3 
fibroblasts. Human and mouse zyxin are highly homologous 
proteins and ectopic human zyxin exhibits the same 
subcellular distribution after gene transfer in 3T3-EF cells 
as the endogenous mouse zyxin in parental fibroblasts 
suggesting that both proteins are functionally indistinguish- 



able. Although our results do not allow us to draw any 
conclusion about the role of zyxin loss in the etiology of 
Ewmg tumors in human, reversion of the tumoral phenotype 
induced by zyxin gene transfer in murine fibroblasts is 
validated in a human Ewing tumor-derived cell line- in SK- 
N-MC cells, which also produce low constitutive levels of 
zyxin, overexpression of the protein similarly tends to 
suppress the transformed phenotype, as indicated by micro- 
scopic observations, in vitro anchorage-independent growth 
and in vivo tumorigenicity assays. In this way zyxin 
exh.bits some of the properties of a tumor suppressor Of 
course, it will be interesting in the near future to see whether 
changes in zyxin protein levels can also be detected in the 
diverse models used to study EWS-FLM -induced modu- 
lation of gene expression, such as EWS-FLI I -transduced 
murine marrow stromal cells [27] or human neuroblastoma 
cells [28]. 

Transient inhibition of zyxin expression has been 
achieved in 3T3 fibroblasts using the siRNA technology 
which results in a loss of stress fibers and focal adhesions' 
without affecting cell viability and growth [29] These 
results arc in agreement with our observations, since we 
show that zyxin underexpression in EWS-FL1I -transformed 
3T3 fibroblasts is associated with similar cytoarchitccture 
alterations. Furthermore, zyxin reexpression in 3T3-EF cells 
does not affect cell proliferation (data not shown). That no 
other changes related to cell transformation occur in siRNA- 
nreated cells may be due to the fact that only transient effects 
have been studied in this system. Also, disruption of the 
zyxin-encoding gene in knockout mice does not affect the 
viability, fertility or tissue architecture of the animals poi 
Similar results have been obtained when two other potential 
tumor suppressor genes, gelsolin and VASP, were disrupted- 
knockout mice displayed a viable phenotype and did not 
develop spontaneous cancers, although some alterations in 
cell adhesion and migration could be observed [31 3">] The 
absence of zyxin at the beginning of life may be 
compensated through the activation of alternate pathways 
during development, whereas the loss of zvxin in differ- 
entiated cells may not. 

The mechanism by which zyxin suppresses tumorige- 
nicity is not clear. Zyxin acts as a molecular scaffold to 
facilitate the assembly of multiprotein complexes that 
promote aenn polymerization at specific sites within the 
cell, .mportam partners of zyxin in this function are «- 
actum and Ena/VASR In epithelial cells, disrupting zyxin- 
a-actinin interaction leads to the mislocalization of zyxin 
and Ena-VASP, which is accompanied by disturbances in 
actin filament assembly and by changes in cell morphology 
[33]. Increasing zyxin levels in transformed cells could 
promote the cooperative assembly of focal adhesion proteins 
such as o-aennin, vinculin and talin, shifting the equilibrium 
between the soluble and membrane-bound pools of these 
molecules, to form stable cell-matrix contacts. Stabilization 
of these structures would favor adhesion and inhibit 
motility, thereby reducing tumorigenicity. In agreement 
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with this hypothesis, other actin-binding proteins included 
in adhesion plaques are underexpressed in transformed cells 
and reversion of the tumoral phcnotype is induced by 
overexpression of these proteins in cancer cells, as 
demonstrated for a-actinin in SV40-trans formed 3T3 
fibroblasts and in human malignant neuroblastoma 
[34,35]. In adherent fibroblasts, actin stress fibers are 
anchored to focal adhesions and intercellular junctions, 
two types of cell structure where zyxin concentrates. 
Transformed cells that have lost their actin stress fibers 
display fewer focal adhesions and intercellular junctions 
[36,37]. This is true for 3T3-EF cells, where zyxin is less 
abundant than in parental cells and remains diffusely 
distributed within the entire cytoplasm. When zyxin is 
reexpressed in 3T3-EF cells, actin stress fibers reappear, 
together with zyxin-containing focal adhesions and cell-cell 
contacts, suggesting that zyxin may contribute to the 
stabilization of the actm cytoskeleton and the adherent 
structures of the ceil. Because a-actinin binds to zyxin and 
has been shown to interact with (M-integrin [38], this 
protein would contribute to the cross-linking of zyxin and 
the actin cytoskeleton to transmembrane intcgrins within 
focal adhesions. Mutual stabilization of stress fibers and 
focal adhesions probably occurs owing to both actin 
filament bundling within the cytoplasm and intcgrin 
clustering at the cell surface in response to the binding of 
extracellular matrix components. Integrins participate in cell 
signaling, transducing cell proliferation signals from the 
extracellular matrix into the cytoplasm. Disruption of this 
integrin-dependent signaling pathway in transformed cells 
results in anchorage- in dependent growth, which appears, in 
our experiments, to be suppressed by zyxin. Also, a-actinin 
cross-links zyxin to cadherins through a- and (Vcatenins at 
epithelial ccll-to-cell junctions [39]. The fact that cadherin 
underexpression is often observed in cancer cells [40] 
suggests that intercellular junctions play an important role in 
tumor suppression, which may require the presence of zyxin 
in these structures. In NLH 3T3 fibroblasts, we have detected 
the presence of p-catenin within intercellular junctions 
(results not shown). In these cells, homotypic cell-cell 
adhesion has been reported to be essentially mediated by N- 
cadherin [41]. Together with the observations made after 
zyxin immunostaining of 3T3 and 3T3-EF-zyxin cells (Figs, 
lb, q), these data suggest that zyxin may participate in the 
stabilization of intercellular junctions in 3T3 fibroblasts. 

How zyxin function may be related to cell motility is also 
an open question. Our observations on EWS-FLIl -trans- 
formed 3T3 fibroblasts indicate that zyxin underexpression 
correlates with increased cell motility. During migration of 
an adherent fibroblast, polarized actin polymerization at the 
leading edge of the cell pushes the plasma membrane 
forward, thereby sustaining the extension of filopodia and 
progression of the lamellipodium. The membrane protrusion 
becomes anchored to the substratum through adhesion 
complexes. Actin filament bundles contract within the body 
of the cell, while actin depolymerization takes place at the 



rear of the cell [42]. The migration process thus requires a 
highly organized actin network, a tight control of actin 
polymerization and depolymerization, and a rapid turnover 
of cell-matrix adhesion structures. In EWS-FLI 1 -trans- 
formed 3T3 fibroblasts, actin-rich lamcllipodia are 
observed, where actin polymerization may be controlled 
by the recruitment of Ena/VASP: actually, it was demon- 
strated that, although VASP interacts with zyxin and 
localizes to the tips of lamellipodia in migrating fibroblasts, 
zyxin does not colocalize with VASP in these dynamic 
structures and is not required for the proper localization of 
VASP in the lamellipodium [43]. Zyxin is also absent from 
the adhesion complexes assembled during cell migration, 
where actin dynamics is controlled by paxillin. However, at 
the end of the migration, when the leading edge stops and 
retracts, zyxin accumulates within cell-matrix contacts that 
mature into large, stable focal adhesions contributing to cell 
spreading [44]. We hypothesize that the low levels of zyxin 
available in EWS-FLI 1 -transformed cells would not impair 
actin polymerization in the lamellipodium but would be 
insufficient to allow for focal adhesion and cell-cell contact 
stabilization, thus favoring increased motility. 

Some of the tumor-suppressing properties of zyxin might 
also be independent of its physical interaction with the actin 
cytoskeleton. The C-terminal region of zyxin is comprised 
of three LLM domains that interact with members of the 
CRP family of cystein-rich proteins and with hWarts/LATSl 
[45,46]. CRP2 is dramatically underexpressed in avian 
fibroblasts transformed by retroviral oncogenes or chemical 
carcinogens [47], which suggests that zyxin-dependent 
impairment of CRP functions might be associated with cell 
transformation. The rumor suppressor hWarts/LATSl is a 
serine threonine kinase that interacts with a Cdc2-phos- 
phorylated form of zyxin on the mitotic apparatus in 
dividing cells. When this interaction is disrupted, cells fail 
to exit from mitosis, which leads to chromosomal instability, 
a hallmark of malignant tumors [46]. Cerisano et al. [48] 
showed that zyxin expression is up-regulated in response to 
CD99 in the 6647 Ewing tumor-derived cell line and that 
siRNA-mediated inhibition of zyxin synthesis impairs 
CD99-induced apoptosis in these cells. This observation 
further argues in favor of potential tumor suppressor 
functions for zyxin ? in this case relying upon its involve- 
ment in a proapoptotic signaling pathway. Finally, because 
zyxin shuttles between the nucleus and sites of adhesion in 
fibroblasts, it might relay information from the cell surface 
to the nuclear compartment to regulate the transcriptional 
apparatus [49], a hypothesis supported by the finding that 
physical association between zyxin and the E6 protein of the 
human papillomavirus type 6 results in the accumulation of 
zyxin in the nucleus where it can function as a transcrip- 
tional activator [50]. Zyxin-induced reversion of the trans- 
formed phenotype in Ewing rumor cells may also involve 
modulation of gene expression. 

By way of a conclusion, zyxin may act as a rumor 
suppressor in cancer cells with low endogenous expression 
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levels of this protein. The gene encoding zyxin maps at 
7q32, a chromosomal region that is affected in a variety of 
human cancers. 7q monosomy or partial deletion of this 
chromosome ann is frequently found in myelodysplastic 
syndrome, acute myeloid, juvenile myelomonocytic and 
acute lymphocytic leukemias, as well as in breast carcinoma 
[51,32]. In some of these malignancies, chromosome 
mappmg has identified the 7q31-35 region as commonly 
involved in the rearrangements [52-54]. The significance of 
this association may rely on the presence of a previously 
undesenbed tumor suppressor gene in this region and the 
zyxin gene may be the candidate. 
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